Introduction {#sec0005}
============

It was December 2019 that in Wuhan, China series of patients presented with respiratory symptoms \[[@bib0005]\], a disease that its cause, the novel coronavirus (SARS-COV-2), was identified in samples of bronchoalveolar lavage fluid from a patient in Wuhan and named COVID-19 and from China rapidly spread to other countries all around the world so that in February 2020 the world health organization declared it as a pandemic \[[@bib0010], [@bib0015], [@bib0020]\].

The rate of infection with covid-19 in children is low and the first pediatric case reported on January 20, 2020 was a 10 years old boy in Wuhan \[[@bib0020]\] and in the early phase of pandemic; those whom infected had relatively milder clinical symptoms compared with infected adults \[[@bib0025]\]; but as the time passed and the number of infected pediatric patients increased, there were several reports of multiple organ involvement in pediatric COVID-19 patients and according to the last reports \[[@bib0030], [@bib0035], [@bib0040], [@bib0045]\];WHO developed a new definition :" multisystem inflammatory syndrome in children with COVID-19 (MIS-C)" \[[@bib0050]\].

MIS-C definition criteria are: Children and adolescents 0--19 years of age with fever \> 3 days, and two of the following:a)Rash or bilateral non-purulent conjunctivitis or muco-cutaneous inflammation signs (oral, hands or feet).b)Hypotension or shock.c)Features of myocardial dysfunction, pericarditis, valvulitis, or coronary abnormalities (including echocardiography findings or elevated Troponin/NT-proBNP)d)Evidence of coagulopathy (by PT, PTT, and elevated [d]{.smallcaps}-Dimers).e)Acute gastrointestinal problems (diarrhea, vomiting, or abdominal pain).

And; elevated markers of inflammation such as ESR, C-reactive protein, or procalcitonin.

And; No other obvious microbial cause of inflammation, including bacterial sepsis, staphylococcal or streptococcal shock syndromes.

And; evidence of COVID-19 (RT-PCR, antigen test or serology positive), or likely contact with patients with COVID-19 \[[@bib0050]\].

In this case report; we describe a 3 years old with MIS-C that his first presentation was: repeated seizures induced by fever (status epilepticus).

Case presentation {#sec0010}
=================

A 3 years old boy that was previously healthy, taken to emergency room (ER)of Namazi Hospital due to abnormal movement;(Namazi Hospital ;the largest hospital in south of Iran with 750 beds is located in Shiraz city that is the main tertiary referral center in south of Iran which has 18 bed general pediatric intensive care unit (PICU) and 9 bed surgery PICU).He was well up to 12 h prior to admission that presented with high grade fever (39.5 °C) so visited by a pediatrician that found no abnormal sign and just acetaminophen was prescribed for fever relief, but fever didn't subside. He presented with oral foamy discharge and jerky movement of hands and feet about 30 min before admission in the hospital (he had history of contact in a ceremony, a day before, but no one that were there, had fever nor contact to suspected patients).

On arrival to ER, his initial vital signs were: Glasgow coma score(GCS) :10/15

Heart rate(HR):160, respiratory rate(RR):45, blood pressure:110/78. In ER; the patient had two episodes of tonic colonic convulsions that lasted one minute with about 5 min interval that stopped with parenteral midazolam and due to repeated convulsions so phenobarbital started and transferred to PICU.

In PICU, his GCS was 10/15 and had another tonic-clonic seizure so phenobarbital (5 mg/kg) in addition to levetiracetam 30 mg/kg was given; but convulsions didn't stop so intubated and phenobarbital 1 mg/kg/hour and midazolam 1 mg/kg/hour intravenous infusion started and neuroprotection strategies were employed for him.

In his initial laboratory data (listed in [Table 1](#tbl0005){ref-type="table"} ), WBC:6800 with 70 % neutrophil and 23 % lymphocyte, CRP: 105 were detected. Meropenem, vancomycin and acyclovir started for him and also reverse transcriptase--polymerase chain-reaction (RT-PCR) assay for COVID-19 with nasopharyngeal swan taken.Table 1Initial laboratory results.Table 1Test (reference value) normal rangeResultsFerritin (ng/ml) M\*: 22.81--275 F\*: 4.63--204212COVID Real-time PCRPositiveWhite blood cells (count/ml)3600Lymphocyte (count/ml)390Procalcitonin ≤0.34.3C- reactive protein (mg/L) \<6105Creatine phosphokinase (U/L) M: \<171 F:\<145195Lactate dehydrogenase (U/L) \<480900Troponin (ng/ml) \<1979D-Dimer (ng/ml) \<5003155Calcium (mg/dl) 8.5--10.59.3Magnesium (mg/dl) 1.6--2.61.6Aspartate transaminase (U/L) M: \<37 F: \<3144Alanine aminotransferase (U/L) M: \<41 F: \<3121Albumin (g/dl) 3.5--54.3Blood urea nitrogen (mg/dl) 8--2010Creatinine (mg/dl) M: 0.8--1.3 F: 0.6--1.20.4Prothrombin time/INR17.9/1.33Partial thromboplastin (sec.)28.7Blood cultureNegativeErythrocyte sedimentation rate (mm/hr)45Fibrinogen (200--400)366Potassium (mEq/L) 3.5--5.54.1Sodium (mEq/L) 135--145143Typical Chest CT findingPatchy infiltration[^1]

In a brain CT scan in day 1; it showed a severe brain edema ([Fig. 1](#fig0005){ref-type="fig"} ) and chest CT scan was suspicious to COVID-19 ([Fig. 2](#fig0010){ref-type="fig"} ). A 24 h later; lumbar puncture (LP) was done that revealed: no cell, protein: 14 and sugar was 125 and cerebrospinal fluid (CSF) pressure was 33 cm of water(cmH2O).Fig. 1Brain CT on day of admission in PICU.Fig. 1Fig. 2Chest CT on day of admission in PICU, in favor of COVID-19.Fig. 2

The patient also fulfilled the criteria of "multi-system inflammatory syndrome associated with COVID-19(his initial RT-PCR was negative but the other one that sent 3 days later was positive).

In day two, the patient became hypotensive so inotrope started but echocardiography was normal. In the following 2 days, inotrope increased to maintain normal mean arterial pressure and still the patient was febrile so intravenous globulin (IVIG) was given. (hydrocortisone, ascorbic acid and thiamine(HAT) had been started before)

After IVIG infusion; we could decrease inotrope but still he had intermittent fever so brain MRI was done that revealed intracerebral hemorrhage in the right occipital lobe ([Fig. 3](#fig0015){ref-type="fig"} ).Fig. 3Brain MRI ;ICH in right occipital lobe.Fig. 3

In the 8th day, the patient extubated from ventilator and tolerated; his GCS was 15/15 with normal neurologic exam.

On the 14th day, the patient discharged home with good condition.

Discussion {#sec0015}
==========

In the beginning; the rate of infected pediatric patients were less so it was believed that they are less susceptible and the most common symptoms in severe pediatric patients were; tachypnea, fever, cough, nausea/vomiting and diarrhea, fatigue/myalgia and headache \[[@bib0055]\]; but as the disease spread to other countries, there were reports that the first presentation were liver failure \[[@bib0045]\] or with the presentation of Kawasaki like disease with cardiac involvement \[[@bib0030], [@bib0035], [@bib0040]\], so we expect to see organ involvement in patients with COVID-19 even without respiratory symptoms.

Before 2019, we had two outbreaks of coronaviruses: the severe acute respiratory syndrome (SARS) in 2002 and the Middle East respiratory syndrome (MERS) in 2012; that in both of them neurological manifestations in patients with respiratory tract infections with neuroinvasion had been described before \[[@bib0060]\]. Neurological problems found in the patients with coronavirus infection were: febrile seizures, convulsions, change in mental status, encephalomyelitis and encephalitis \[[@bib0060]\].

In SARS, the first cases with neurological manifestations presented with seizure \[[@bib0065],[@bib0070]\].

In MERS, the most neurological presentations were seizure and encephalopathy \[[@bib0075]\] but intracerebral hemorrhage also have been reported \[[@bib0080]\].

In a retrospective study that Mao L et al. did in China; it showed: Patients with more severe infection had neurologic manifestations, such as acute cerebrovascular diseases (5.7 %), impaired consciousness (14.8 %), and skeletal muscle injury (19.3 %) but in their study mean age was 52.7 years \[[@bib0085]\].

In a multicenter retrospective study in 49 hospitals in Hubei, China by Lu L. et al. neither acute symptomatic seizures nor status epilepticus was observed \[[@bib0090]\].

Vollono C. et al. describe a 78 years old woman infected with COVID-19 whose primary presentation was a focal status epilepticus \[[@bib0095]\].

A 32 years old woman with fever and dry cough that developed with generalized tonic-clonic seizure reported by Karimi N. et al. that was positive for COVID-19 and her brain MRI was normal and CSF tested was negative for COVID \[[@bib0100]\].

Moriguchi J. et al. reported a 24 years old man with SARS-CoV-2 meningitis and convulsion that the specific SARS-CoV-2 RNA was not detected in the nasopharyngeal swab but was detected in a CSF \[[@bib0105]\].

In Iran; Sharifi-Razavi et al. described a 79 years old man with history of 3 days fever and acute loss of consciousness that had a massive intracerebral hemorrhage (ICH) in the right hemisphere, accompanied by intraventricular and subarachnoid hemorrhage and later, RT-PCR of oropharyngeal swab became positive \[[@bib0110]\].

Toscano G. et al. reported 5 adult patients developed Guillain--Barré syndrome 5--10 days after the onset of COVID-19 with an initial presentation of lower limb weakness, parasthesia and ataxia that their CSF's RT-PCR were negative \[[@bib0115]\].

Shenker J. et al. reported a 12 years old boy with MIS-C presented with status epilepticus. Brain imaging, CSF cell count and PCR of CSF for COVID-19 were normal \[[@bib0120]\].

Coronaviruses has capability the neuroinvasion \[[@bib0060]\] and the presence of ACE2 receptors in the nervous system and in skeletal muscle are the suggesting a mechanism for SARS-CoV-2-related neuromuscular injury \[[@bib0125],[@bib0130]\].

In kawasaki disease; altered mental status, seizures, and hemiplegia had been reported that was thought to be due to vasculitis \[[@bib0135]\].

Apart from ACE2, COVID-19-associated nervous system damage may also be caused by septic shock, hypoxic injury, fever (in children), metabolic derangements and immune responses.

In our patient; RT-PCR of CSF was negative so one possibility of the repeated convulsions was autoimmune reaction and another was fever although direct invasion of virus cannot be excluded even with negative PCR but ICH that had been reported before \[[@bib0110]\], that could be co-incidence and related to his old age, but in our patient might be due to direct invasion of CNS by COVID-19.

The above data indicate that SARS-CoV-2 may infect the nervous system and skeletal muscle as well as the respiratory tract especially in severe cases that have MIS-C; thus, clinicians should consider COVID-19 as a differential diagnosis for patients with neurological manifestations.

In pediatric cases, it is important to emphasize that COVID19 could be another risk factor for febrile seizures (taking into account that other types of coronaviruses could also be involved) although it is known that influenza virus and enterovirus are the most frequently associated to this condition \[[@bib0140],[@bib0145]\].

And even in the absence or respiratory symptoms, occurrence of neurologic symptoms might be the first presentation of COVID-19 and MIS-C and should be assessed for, especially in the critically ill pediatric patients.
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The first presentation of COVID-19 in pediatric patient could be apart from respiratory complaint and pediatrician should be aware of nervous system complications of it.
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[^1]: \*M: male, F: female.
